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f or m ul at e  pr o p os e d  c o u nt er m e as ur es,  a n d  t o  cr e at e  b u d g et ar y  c ost  esti m at es  of  t h e  pr o p os e d  
c o u nt er m e as ur es  f or  pr oj e ct  f u n di n g  p ur p os es.   T h e  s e c o n d  p h as e  of  t h e  pr oj e ct  i n v ol v e d  
d e v el o pi n g  ' c o ntr a ct  r e a d y  pl a ns'  f or  e a c h  bri d g e  fr o m  t h e  fi el d  e v al u ati o ns.   T h es e  pl a ns  
c o nsist e d of a writt e n d e s cri pti o n of t h e pr o p os e d c o u nt er m e as ur es a n d b a si c c o nstr u cti o n pl a ns, 
n ot es a n d s p e cifi c ati o ns.  T h e d e v el o p m e nt of t h es e c o ntr a ct r e a d y pl a ns all o ws f or i m m e di at e 
l etti n g of pr oj e cts as f u n di n g b e c o m es a v ail a bl e.   
T his p a p er pr es e nts t h e pr o c e d ur es a n d t h o u g ht pr o c ess es us e d i n d e v el o pi n g a n d p erf or mi n g t h e 
fi el d e v al u ati o ns f or t h e pr oj e ct, as w ell as s el e cti n g a p pr o pri at e c o u nt er m e as ur es.  Dis c ussi o ns 
ar e off er e d r e g ar di n g t h e r ati o n al e b e hi n d c o u nt er m e as ur e s el e cti o n i n t er m s of: sit e s uit a bilit y, 
sit e a c c ess, p h ysi o gr a p hi c r e gi o n, a n d a v ail a bilit y of m at eri als.  T y pi c al c o u nt er m e as ur es t o b e 
dis c uss e d  i n cl u d e  ri pr a p,  g a bi o ns,  c o n cr et e  c oll ars,  A-J a c ks  ( c o n cr et e  ar m ori n g  u nits),  a n d  
n at ur al str e a m d esi g n str u ct ur es. 
I N T R O D U C TI O N 
Bri d g es s o m eti m es f ail d u e t o s c o ur pr o c ess es ar o u n d bri d g e s u bstr u ct ur e el e m e nts, r es ulti n g i n a 
p ot e nti al f or l oss of lif e, pr o p ert y, a n d i nt err u pti o n of tr a ns p ort ati o n o n t h e n ati o n's r o a d w a ys.  
T h e  K e nt u c k y  Tr a ns p ort ati o n  C a bi n et  p erf or m e d  a  st u d y  t o  i d e ntif y  bri d g es  i n  t h e  
C o m m o n w e alt h of K e nt u c k y t h at mi g ht b e at ris k  of f ail ur e d u e t o s c o ur.  T h e st u d y i d e ntifi e d 
a p pr o xi m at el y 2 0 0 o ut of 8, 6 0 0 K Y T C m ai nt ai n e d bri d g es as "s c o ur criti c al ", a n d i n n e e d of 
i m m e di at e  att e nti o n.   S u bs e q u e ntl y,  a  s c o ur  c o u nt er m e as ur es  pr o gr a m  w as  est a blis h e d  wit h  
F ull er, M oss b ar g er, S c ott a n d M a y E n gi n e ers, I n c. ( F M S M) i n t h e s u m m er of 2 0 0 1, a n d t h os e 
2 0 0 bri d g es w er e visit e d, e v al u at e d i n t h e fi el d, a n d s c o ur c o u nt er m e as ur e s w er e d esi g n e d.  T h e 
Bri d g e S c o ur C o u nt er m e as ur e Pr o gr a m w as b as e d o n t h e pri n ci pl es s et f ort h i n t h e f oll o wi n g 
F e d er al Hi g h w a y A d mi nistr ati o n ( F H W A) p u bli c ati o ns: 
 
1.   Pr oj e ct  M a n a g er,  F ull er,  M oss b ar g er,  S c ott  a n d  M a y  E n gi n e ers,  I n c.,  L e xi n gt o n,  
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• HEC-11, Design of Riprap Revetment, March 1989 - IP-89-016 
• HEC-18, Evaluating Scour at Bridges, May 2001 - FHWA NHI 01-001 
• HEC-20, Stream Stability at Highway Structures, March 2001 - FHWA NHI 01-002 
• HEC-23, Bridge Scour and Stream Instability Countermeasures, March 2001 - 
FHWA NHI 01-003 
Each publication can be obtained at the web address: 
http://wwwcf.fhwa.dot.gov/bridge/hydpubl.htm.  Other applicable resources specific to installing 
countermeasures at bridges in Kentucky include KYTC's "Best Management Practices for 
Maintenance Activities in and Around Streams" published in 2000, the current edition of 
KYTC's Standard Specifications for Road and Bridge Construction (SSRBC), and KYTC's 
Division of Construction Guidance Manual. 
The locations of the bridges evaluated during the contract are presented on the following map of 
Kentucky in Figure 1.  The map is subdivided into 12 areas, which correspond to the 12 
operational districts of the Kentucky Transportation Cabinet. 
This paper is the result of the knowledge base created during the field evaluations and designs of 
countermeasures across the Commonwealth of Kentucky.  
SCOUR PROCESSES 
Scour occurs at bridges when the oncoming stream flow is obstructed by piers, abutments, 
approach embankments, and/or debris, causing the channel bed to erode and expose the bridge 
substructure elements (piers, piles, footings and abutments) or undercut the streambank/roadway 
approaches.  Scour failure can be defined as when the streambed erodes beyond the point at 
which the bridge foundation can support the superstructure, or the roadway approach is 
damaged, making the crossing dangerous or impassable. The amount of scour that occurs at any 
given bridge is related to the type of bed material, the force and direction of the oncoming flow, 
and the substructure geometry.  Bed material type and stream gradient are naturally dictated by 
the physiography of the watershed, and it is vital to understand these components when 
evaluating a bridge for scour.  The Commonwealth of Kentucky is relatively diverse in 
physiography, with five major regions identified.  The eastern portion of Kentucky rests at the 
foothills of the Appalachian Mountains and is known as the Eastern Kentucky Coalfield 
physiographic region.  This region is mountainous, supporting elevations in excess of 4,000 feet, 
Figure 1.  Locations of Countermeasure Bridges 
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is highly dissected by v-shaped valleys, is mainly forested with cleared bottom lands, and is 
underlain by bedrock consisting of shale, coal, siltstone and sandstone.  The north-central portion 
of the commonwealth is identified as the Bluegrass physiographic region, and is typically 
represented by rolling grassy hills of clay soils overlying limestone bedrock.  The Western 
Kentucky Coal Field physiographic region occupies the western portion of the commonwealth 
and is characterized by rolling hills with some escarpments.  The land varies from wooded to 
pasture and typically consists of clayey soils overlying shales, sandstones and limestones and 
coal.  Surrounding the Western Kentucky Coalfield region is the region known as the 
Mississippian Plateaus.  This area is hilly, wooded to grassy, and is characterized by the karstic 
activity of the limestone bedrock.  This karstic nature of the bedrock leaves the area dotted with 
thousands of sinkholes, sinking creeks and caves.  The Mississippi Embayment physiographic 
region occupies the southwestern tip of the state and is part of the Gulf Coastal Plain.  This area 
is relatively flat, wooded to grassy to swampy, with topographic relief on the order of 100 feet, 
and the lowest ground surface elevation in the commonwealth, elevation 260 feet.  Bedrock is 
exceptionally deep in this area and the overburden soils consist of highly erodible sediment 
deposits.
There are four primary components of scour that typically occur at bridge sites in Kentucky:  
long-term aggradation and degradation, local scour, contraction scour, and lateral channel 
migration.  Aggradation and degradation represent the long-term raising or lowering of the 
stream reach.  These processes are most prevalent in highly erodible soils or in stream reaches 
physically altered by man.  Local scour results from the obstruction that any given bridge 
substructure element or debris rack presents to oncoming flow, and is site specific to that 
obstruction.  Contraction scour is the erosion that occurs across most or the entire crossing in the 
immediate vicinity of the bridge.  The flow is contracted due to the decreased area available at 
the bridge opening compared to the flow area available in the channel and floodplain upstream of 
the bridge.  Lateral channel migration is a natural process in which the channel shifts laterally 
(meandering) over time to seek a balanced state.  Lateral changes in stream location can threaten 
the stability of bridge abutments, approaches and overbank piers.  
It is vital to the countermeasure program to understand and relate the scour components and 
physiographic regions.  The region will typically dictate the type of scour by natural physics, 
unless the bridge itself modifies the process.  Understanding these interactions will reveal 
whether the structure or the stream should be addressed by the countermeasure. 
FIELD EVALUATION OF SCOUR CRITICAL BRIDGES 
The scour countermeasure process begins by performing a field evaluation of the bridge.  The 
purpose of a field evaluation was to determine the extent and cause of the scour (i.e. channel 
migration, debris blockage and subsequent flow redirection, etc.), and to collect the data 
necessary to determine the type(s) and extent(s) of scour countermeasures required to correct the 
problem.  It is during this evaluation that a majority of the design issues were addressed.  Before 
the evaluators left the site, they had a plan of action and sketches for implementing the 
appropriate countermeasure(s).  For the KYTC scour countermeasure program, it was established 
that only shallow water bridges would be involved.  If the water around substructure elements 
was too deep to be safely waded, the evaluation would be diverted to a separate contract to be 
performed by engineer divers.  Another criteria of the scour program was that all work to  
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remediate the bridge had to be kept within 100 feet upstream and downstream of the structure 
when at all possible.  Work outside these limits would necessitate permits and easements, 
delaying the contracting process. 
While at the bridge, the evaluators performed the following procedures: 
• Became familiar with any previous inspection reports and other data provided on the 
Kentucky Bridge Information System (KBIS) data forms for the bridge.   
• Reviewed previous photos of each bridge for comparison purposes – noted if there 
were changes to: the streambed or streambank, scour conditions, structural 
conditions, and debris rack size and composition. 
• Noted the type and composition of bed material, i.e. clay, sand, gravel, cobble.  Noted 
the bedrock type and durability, if present, and noted if the foundations were rock 
bearing. 
• Evaluated the structure site, noting evidence of scour, bank erosion, channel 
migration and aggradation/degradation.  Scour holes at piers and abutments were 
carefully measured, and soft material in scour holes were probed to determine the 
location of a firm bottom.  Also, noted were bars, islands, or vegetation constricting 
the flow at the bridge and concentrating it in one section of the bridge opening or 
causing it to attack piers and/or abutments. 
• Maintained consistency with previous KYTC inspections and nomenclature by 
referencing all data collected during the field visit using left and right nomenclature 
(left and right looking downstream).  All substructure elements were numbered 
increasing from left to right looking downstream. 
• Noted the size, quantity, and composition of debris rack(s), if present.  Noted the 
location of any high water mark(s) (debris line), and mentally established how the 
structure operates during a flood. 
• Noted potential contractor access points to bridge for construction purposes (i.e., from 
bridge deck only, from left upstream floodplain, etc.) and any visible 
overhead/underground utility conflicts (location estimated from bridge face). 
• Recorded pier/abutment geometry, bridge opening width and height.  Obtained 
vertical measurements of bridge opening from along the upstream and/or downstream 
face of bridge, using a weighted tape.  Several measurements were obtained along the 
face, and all measurements were referenced to the same bridge element (top of curb 
or bridge deck for vertical measurements, edge of left abutment for horizontal 
measurements) referenced in the KBIS data.  All measurements needed for defining 
the bridge opening were obtained. 
• Determined if a flow training structure (J-Hook, Cross Vane or W-Weir) was 
necessary or applicable, and established the appropriate bankfull width and elevation 
(referenced to the bridge structure).  In addition: an estimate of the average particle 
size of the reach bed material was made, and the reach upstream and downstream of 
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the bridge was reviewed.  The detailed data acquisition required for a natural stream 
design was typically beyond the scope of this countermeasure program, and was 
recommended to be performed under a separate contract. 
• Noted the type and condition of existing countermeasures, if present.  
Recommendations regarding proposed countermeasure(s) to be used at the bridge 
were made and referenced to KYTC standards (type of geotextile, channel lining, 
etc.) as applicable. 
• Noted special issues needing to be addressed during construction/installation of 
countermeasures.  This included the presence of mature trees that would need to be 
worked around or incorporated into the design, farm fences which needed to be 
removed and replaced in-kind, and noting if sites have a particular aesthetic or 
cultural quality which the contractor should maintain when working in the area. 
• Obtained photos of the following (as applicable): structure face(s), debris racks/drift, 
existing countermeasures, areas where countermeasures were proposed (piers, 
abutments), construction access point(s) and existing utilities, and overall channel and 
bank condition. 
• Created an overall plan view of the site, showing bridge, roadway, and stream 
relationships, as well as existing countermeasures, scour areas, and special 
construction considerations (trees to preserve, etc.). 
• Prepared neat, legible sketches of proposed countermeasure(s) and pier/abutment 
dimensions as needed (did not need to be to scale). 
A field evaluation and data collection form was prepared by FMSM for use in this scour 
countermeasures program.  A copy of the form is presented as an appendix.  The evaluators were 
instructed to confirm that all applicable portions of the form have been addressed prior to leaving 
the bridge site. 
COUNTERMEASURE DESCRIPTION AND APPLICATION 
The FHWA identifies three primary groups of countermeasures: hydraulic countermeasures, 
structural countermeasures, and monitoring (HEC-23).  In selecting a countermeasure it is 
necessary to evaluate how the stream may respond to the proposed countermeasure.  It is also 
necessary to estimate or anticipate future activities by adjacent landowners and the resulting 
influence upon the countermeasure.  For these reasons, it is recommended that countermeasures 
be inspected periodically to evaluate performance, to determine if modifications to the original 
design are necessary, or if any maintenance efforts are required. 
1. Hydraulic Countermeasures.   There are two classifications of hydraulic 
countermeasures; river training structures and armoring countermeasures.  River training 
structures modify the flow path to mitigate the erosive forces that occur along the streambed, 
streambank or substructure elements of the bridge.  Armoring countermeasures provide 
resistance to the erosive forces and provide protection of the streambed in the immediate vicinity 
of the armor protection.  River training structures selected for use in Kentucky consist primarily 
of rock vane structures: J-Hooks, Cross-Vanes, and W-Weirs.  These types of countermeasures 
are effective in controlling the scour location and directing the flow of water through the bridge 
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such that scour at substructure elements is 
eliminated, reduced, or managed.  This form of 
countermeasure is applicable for mitigating local 
and contraction scour, and addressing both vertical 
and horizontal channel instability.   
The objective of armoring countermeasures is to 
protect the streambed or streambank from erosive 
forces induced by the hydraulic conditions created 
when stream flow is obstructed or modified by the 
bridge crossing.  Armoring techniques are 
commonly aesthetically less desirable than river 
training countermeasures, and while they provide 
protection, the scour problem is addressed symptomatically rather than by addressing the source 
of the problem (flow velocity and direction).  Nevertheless, armoring countermeasures are 
appropriate and necessary for use in certain circumstances such as work limit restrictions and/or 
funding constraints.  The following types of armoring countermeasures have been implemented 
in Kentucky.  
• Riprap/Channel Lining – Riprap consists 
of varying sizes of rock underlain with a 
non-woven geotextile fabric.  Riprap can 
be used to protect against local scour at 
abutments, piers and embankments.  The 
specific size of rock to be used must be 
calculated based on the flow velocity for 
the design event to ensure it will not be 
scoured away.  The KYTC recommends 
the 100-year storm frequency be used as 
the design event for sizing riprap.  
Common methods of riprap placement 
are hand placing; machine placing, such 
as from a dragline, or some other form 
of bucket; and dumping from trucks and 
spreading by loader.  Dumping from 
excessive heights is discouraged.  Hand 
placement produces the best results, 
however, it is generally the most 
expensive method of placement.  Non-
woven geotextile fabric should underlie 
all channel lining applications other than 
rock or gravel bed streams to reduce the 
potential of piping of foundation soils 
from under the stone.
• Gabions – Gabions consist of durable 
rock enclosed in wire.  Gabion baskets 
are bound together and stacked laterally 
Riprap Protection at Pier 
Gabions at Bridge Abutment 
Example of a River Training Structure 
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and vertically.  Gabion mattresses consist of rock enclosed in wire, placed laterally in a 
series and fastened together.  Gabions can be used to protect against local scour at 
abutments, piers, and embankments; contraction scour, and to address stream 
instability.  They are generally used when large rock is not available, space is limited or 
tight, or the area to be protected is on a slope too steep for riprap to be placed.   
• A-Jacks® – A-Jacks is the trademark 
name for a type of concrete armor unit 
countermeasure shaped like a child's toy 
jacks.  The A-Jacks has six protrusions, 
two in each direction of three 
perpendicular axes. A-Jacks counter-
measures consist of a system of 
interlocking concrete jacks placed in 
individual clusters bound by cables.  A-
Jacks are available in standard sizes of 
two, four, six, and eight feet, measured 
tip to tip.  The two-foot A-Jacks can be 
assembled and installed by hand.  Larger 
sizes require a crane and must be 
assembled and lowered into place.  Each jack, regardless of size, is manufactured in 
two pieces that must be assembled and installed.  The halves of jacks larger than two 
feet in size are cemented together with grout.  A-Jacks can be used to protect against 
local scouring at piers and abutments, contraction scour and bank erosion.  Non-woven 
geotextile fabric should be used underneath all A-Jacks installations (except those on 
exposed bedrock) to prevent the loss of fines and the migration of the A-Jacks into the 
foundation soils. 
• Articulated Concrete Block Systems 
(ACBS) – Articulated concrete block 
systems consist of interlocking concrete 
blocks connected laterally together with 
cable.  The mats can be used to protect 
piers, abutments and embankments from 
scour, and to armor the streambed to 
mitigate contraction scour.  Most of the 
bridges evaluated in Kentucky did not 
require extensive armoring which might 
justify the use of ACBS. 
2. Structural Countermeasures.   Structural countermeasures involve either strengthening 
the foundation of the bridge or modifying the geometry of the substructure element.  Examples 
of structural countermeasures that strengthen the foundation include crutch bents, cross bracing, 
pumping grout or concrete under a footing, and lowering the foundation.  Examples of pier 
geometry modifications include extended footings, pier shape modifications, debris deflectors 
and pile redundancy.  A brief description of structural countermeasures typically used in 
Kentucky is as follows: 




• Concrete Collars – Concrete collars are used to repair and/or prevent undermining of 
abutments and piers, particularly when the bridge is founded upon rock.  The collars 
can also serve to protect the bridge substructure elements from impact damage due to 
drift and debris.  Typically, each collar extends approximately 18 inches from the 
face of the abutment or pier for constructibility reasons, and is embedded into the 
streambed and/or doweled into bedrock.  Construction of collars involves the use of 
Class A concrete and reinforcing steel consisting of dowels and longitudinal bars.  In 
some situations, the collars may be required at a fully-submerged bridge element; in 
that case, a modified concrete mixture for submerged placement is used.   
• Debris Deflectors – Debris is a primary cause of scour at bridges in Kentucky due to 
the constriction and redirection of flow into the abutments/embankments and 
increased flow vortices at piers.  Debris deflectors called "Debris Free" can be used 
for bridges that are prone to capture large amounts of debris, and are currently under 
consideration for installation at several pilot sites across Kentucky.  Debris Free 
technology consists of a freely rotating deflector that floats up and down with the 
water level while sliding on a stainless steel rail system attached to the upstream face 
of the pier(s).  The purpose of the unit is to divert the debris away from the pier and 
pass debris through the bridge.   
Figure 2.  Concrete Collar 
Excavate 6" into 
channel bottom 3' Embedment 
2'
Class A Concrete Collar
(xx #X dowels, x" into bedrock 
if encountered, xx" O.C) 
Existing Footing








• Wingwall Extensions – In many cases, especially in laterally unstable channels, the 
embankment erodes behind abutment wingwall(s) of the bridge.  The wingwall can be 
extended to a point beyond the existing flow path to better direct the flow through the 
bridge and armor the eroded bank.   
• Retaining Walls – Retaining walls may be used in cases where the roadway 
embankment is threatened or the adjacent channel banks have experienced 
detrimental erosion and other forms of flow redirection are not suitable.  Retaining 
walls are usually "stand-alone" structures, and are therefore not doweled into the 
bridge.  The wall serves two purposes in that it will direct flow through the bridge and 
provide streambank protection.  Two common types of retaining walls used in 
Kentucky include mass concrete gravity walls and reinforced concrete cantilever 
walls.  The design of any wall should only be performed by a qualified professional 
engineer who has adequate site specific geotechnical and hydraulic information to 
make proper design recommendations.  
3. Monitoring.   The goal of monitoring as a countermeasure is to detect scour problems or 
progression early, through instrumentation or visual inspection.  Instrumentation can be fixed or 
portable.  Fixed instrumentation is typically attached to the bridge at a pier or abutment to 
measure scour at a particular location and may employ the use of a data storage device.  Types of 
fixed instruments for monitoring include sonar devices which can provide a record of scour 
depths, and other instruments, such as a magnetic collar, which record only the maximum scour 
depth.  Similar portable devices may be used, the difference being that the units are not attached 
to the bridge, are not automated, and only record depths at the time the physical monitoring 
occurs.
Debris Free Technology 
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Monitoring by visual inspection requires that the bridge be inspected on a regular basis and 
possibly during or after high flow events.  Monitoring does not eliminate the scour susceptibility 
of a bridge.  The current KYTC BMP for Maintenance Activities in and around streams states 
that all bridges will be inspected after flood events. 
COUNTERMEASURE SELECTION 
In the course of evaluating a bridge site for scour remediation, the team had to determine the 
proper 'fix' for the bridge.  Each team carried a field book containing typical countermeasure 
applications and standard drawings from which to reference ranges for dimensions and material 
quantities.  The process of selecting the most appropriate countermeasure involved iterating 
between the four following questions:  
1. Is the proposed countermeasure suitable for the site? 
2. Will site access allow installation? 
3. How will the countermeasure operate in that specific physiographic region? 
4. Are materials available to construct the countermeasure? 
1. Is the proposed countermeasure suitable for the site?  An initial thought to fix a single 
span bridge suffering from scour at the vertical abutment faces might be to apply properly sized 
riprap to the abutments.  This might be a mistake because the riprap could significantly reduce 
the opening size of the bridge and initiate or increase contraction scour.  Likewise, in streams 
carrying acidic mine drainage, gabions would be a poor choice because of corrosion potential of 
the wire baskets. 
2. Will site access allow installation?  Looking at the surrounding terrain, can the 
countermeasure be installed from the bridge deck, or from within the stream?  If the work area is 
extremely confined, can the countermeasure be constructed by hand? 
3. How will the countermeasure operate in the physiographic region?  Just because 
foundations are on bedrock does not necessarily mean they are scour proof!  Several 
physiographic regions in Kentucky contain shale, siltstone and sandstone bedrock which are non-
durable (scourable).  Both the water forces and abrasion by bedload combine to eat away the 
rock under footings.  Is the stream causing the scour 'flashy' or does it carry a large sediment 
load?  Do a large number of trees or logs carry downstream in flood events?  For example, the 
Mississippi Embayment physiographic region supports exceedingly thick sediment depositions, 
which are highly erodible.  This translates typically into friction-bearing bridge foundations 
endangered by degrading stream bottoms.  A suitable countermeasure cannot merely protect an 
element, but must protect the entire crossing in this case. 
4. Are the required materials readily available to construct the countermeasure?  A 
proposed countermeasure may be feasible by all other standards, but acquiring the traditional 
materials may be cost-prohibitive.  For example, in the southwestern tip of Kentucky, a 
countermeasure may require large durable boulders for a cross-vane.  There may not be local 
sources for quarry stone of this size, so the large boulders may need to be replaced by gabions to 
avoid high costs associated with transporting large boulders long distances. 
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Overall, the above questions are just part of a method of refining a common sense solution to the 
scour problem.  Some issues are far more complex, and may require looking beyond the physical 
bridge to funding issues, replacement schedules for the bridges, or cost analysis.  It may be 
estimated that a proper countermeasure to stop stream degradation for a bridge would cost 
$150,000, while the cost to replace the bridge may only be $120,000 and the bridge will now 
completely span the affected stream, negating the problem.  For this example, the cost savings 
realized by replacing the bridge will free funding for other projects. 
SUMMARY 
In the summer and fall of 2001, Fuller, Mossbarger, Scott and May Engineers, Inc. evaluated 
approximately 200 scour critical bridges for the Kentucky Transportation Cabinet, and developed 
countermeasure designs for each bridge to be remediated.  The procedures developed both before 
and during the bridge evaluations, and subsequent countermeasure selections are an efficient 
means of focusing on sensible solutions and can be readily adapted to any scour countermeasure 
program.
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